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Abstract 
The objective of this research is to empirically examine the relationship between innovation and economic growth in 
Turkey by using endogenous economic growth theory. Recent developments in theory support the view that the key 
driver for economic growth in global economies is innovation. According to this conceptual framework, a model is 
developed to examine the relation between researchers employed in R&D departments, R&D expenditures, patents as 
innovation indicators, and Gross Domestic Product (GDP) as economic growth. A panel regression model is used to 
investigate these relations for chemical firms listed on the Istanbul Stock Exchange (ISE) between 1998 and 2010. 
The data for this study has been obtained from the Turkish Statistical Institute and the Turkish Patent Institute. The 
results of analysis indicated a positive and significant relation between R&D expenditure and the number of R&D 
employees in influencing economic growth. 
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1. Introduction 
There are three important factors underpinning economic growth: (1) Capital accumulation, including all 
new investments in land, physical equipment, and human resources, (2) Growth in population and hence 
eventual growth in the labor force, and (3) Technological Progress (Todaro, 1997). Recently, new growth 
theories have stressed the importance of technological change as a source of economic growth. These 
theories support the view that the key driver for economic growth in global economies is innovation. 
Also, many studies have investigated the extent of the contribution that innovation continues to have upon 
competitiveness and the growth of firms, industries, and national economies. As such, this concept has 
become an attractive research area for scholars. Many of the early models treated technological progress 
as an exogenous process driven only by time, as in the work of Robert Solow. He defined growth as the 
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increase in GDP per hour of labour per unit time (Griffith et.al, 2004). He also treated technological 
progress as exogenous, and focused on the role played by capital accumulation in driving economic 
growth (Crosby, 2000). On the other hand, new models in which growth is driven by technological 
change are called endogenous growth models and were pioneered by Romer (1990). Romer stated that 
growth is driven by technological change that arises from intentional investment decisions made by 
profit-maximizing agents. Grossman and Helpman (1991), and Aghion and Howitt (1992), have also 
made important contributions to endogenous growth theory literature. These models can be thought of as 
complementary to traditional growth models (Bilbao-Osorio and Rodriguez, 2004). 
 
In this study, the relationship between innovation and economic growth will be clarified by examining 
Research and Development (R&D) activities: such as the number of R&D employees, R&D expenditures, 
patents, and Gross Domestic Product (GDP).  In particular, we will be examining the importance of 
innovation activities in manufacturing firms listed on the Istanbul Stock Exchange (ISE). Our purpose is 
to investigate the basis for the link between innovation and economic growth. 
 
The article proceeds in the following manner. First, we briefly review the relevant literature and identify 
definitions of innovation. In the second part, we will point out the effects of innovation on economic 
growth. Then we will analyze the theoretical framework by applying an econometric model for Turkey. 
We will use R&D expenditures, researchers employed in R&D departments and patents as measurement 
instruments for innovation and the growth of GDP. Lastly, we will conclude by discussing our findings. 
2. Literature Review  
2.1 Innovation 
 
Enhanced capital, labor and technological progress are the three principal sources of the economic growth 
of nations. Innovation bears most directly on technological changes and is the key driver for organizations 
and nations. For this reason most distinguished theorists draw attention to the concept of technological 
progress and its significant effects up . The creation, 
dissemination and application of knowledge increasingly constitute a major engine of economic 
expansion. Grossma
perpetually rising st  (Bilbao-Osorio and Rodriguez, 2004). 
 
The literature on innovation is very voluminous and diverse. The core of innovation is the use of 
production resources in a new way and the simultaneous withdrawal of older resources from current 
application and use (Boskin and Lawrence,1992).  Joseph Schumpeter is among the first economists who 
used the innovation concept in his studies. He explained in
keeps the capitalist engine in motion comes from the new consumers, goods, the new methods of 
production or transportation, the new markets, the new forms of industrial organization that capitalist 
enterprise crea . Schumpeter also added that innovation is a source 
of economic change. In addition he argued that economic development is driven by innovation through a 
dynamic process in which new technologies replace the old, a process he labell
In this context, he specified that innovation consists of the following five circumstances: (1) introduction 
of a new good; (2) introduction of a new method of production; (3) opening of a new market; (4) conquest 
of a new source of supply of raw materials or semi-manufactured goods; and (5) implementation of a new 
form of organization (Yang, 2006). 
 
Lange further extended Schumpeter s definition, stating that  
functions, in the schedules indicating the relation between the input of factors of production and the 
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output of products, which make it possible for the firm to increase the discounted value of the maximum 
  (Lange,2006).  
 
 
On the other hand, West and Forr (1990) 
application within a role, group or organization of ideas, processes, products or procedures new to the 
relevant unit of adoption, designed to significantly benefit the individual, the group, the organization or 
 (cited in Anderson et. al.,  2004) 
 
In addition, Katila and Shane (2005) highlighted innovation 
proceeds with the development of the invention, and results in the introduction of a new product, process 
 
 
As emphasized in these definitions, innovation can be based on product or process innovations. Product 
innovations are new products or services introduced to meet an external user or market need, and process 
innovations are new processes that are used in production or service operations (Damanpour,1991), and 
behavioral innovations are the replacement of older organizational routines with new ones (Griffith et.al, 
2004).  
 
However, according to Blaug (1963) there is no exact difference between product and process 
innovations.  He stressed that the introduction of a cost-reducing process is sometimes accompanied by a 
change in the product mix, while new products frequently require the development of new equipment. In 
practice the two are usually so interwoven that any distinction between them is arbitrary. Nevertheless, in 
principle, novel ways of making old goods can be distinguished from old ways of making novelties . 
 
In the literature scholars point out different types of innovation. Radical and incremental is one of the 
classifications of innovation which describe different types of technological process innovations. Radical 
innovations are fundamental changes that represent revolutionary changes in technology. In radical 
innovation, the transformation of existing products, services, processes or technologies make current 
products or designs obsolete (Godin, 2008). In contrast, incremental innovations are minor improvements 
or simple adjustments in current technology (Chandy and Tellis, 2000). So, in incremental innovation 
existing products, services, processes or technologies are refined or improved by the companies (Hall, 
1996). The major difference captured by the labels radical and incremental is the degree of novel 
technological process content embodied in the innovation and hence, the degree of new knowledge 
embedded in the innovation. This distinction is consistent with those researchers who define technology 
in terms of its knowledge component (Rabiei, 2011). 
 
In prior studies because of the difficulty in measuring innovations, tangible data is used to discuss the 
economic effect of innovation. When trying to quantify the impact of innovation on growth, innovation is 
usually measured using proxies such as R&D expenditure, employment in R&D departments, and patent 
data.  
 
2.2 Empirical Relation between R&D and Economic Growth 
 
Generally, investment in R&D has been regarded as one of the key strategies to secure technological 
potential, and thereby innovation and economic growth. Research and development (R&D) includes 
creative work undertaken on a systematic basis in order to increase the stock of knowledge, including 
knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications 
(Torun . Thus, R&D investment increases the possibility of achieving a higher 
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standard of technology in firms and regions, which would allow them to introduce new and superior 
products and/or processes, resulting in higher levels of income and growth. Endogenous growth model 
pioners, Romer (1990) and Lichtenberg (1992) have pointed out that the relationship between investment 
in technology and R&D expenditure leads to increases productivity, and therefore growth (Bilbao-Osorio 
and Rodriguez, 2004). 
 
In this context, there are many studies that trying to explain the relationship between investment in R&D 
and growth. Hall (1996) is one of the researchers that revealed in his article that investment in R&D is 
positively correlated with firms' productivity and profitability, and produces a relatively high private rate 
of return. Scherer (1982), Griliches and Lichtenberg (1984), Aghion and Howitt (1998), and Zachariadis 
(2003) provide strong evidence that R&D investment and growth are positively related in the US 
economy (Rabiei, 2011). 
 
In addition, Sadraoui and Zina, (2009) examined the dynamic relationship between cooperation in R&D 
and economic growth by using the Generalised Moment Method and panel data from a sample of 23 
countries between 1992 and 2004. Results suggested a positive and significant relation between R&D 
cooperation and economic growth for all the countries sampled . 
 
Moreover, Griffith, Redding and Van Reenen (2004) claimed that research and development (R&D) has 
two faces. The first face is in stimulating innovation and second face is in facilitating the imitation of 
discoveries by others. They explored this idea empirically using a panel of industries across twelve 
OECD countries. They found that R&D is statistically and economically important in both technological 
catch-up and innovation.  
  
Further, Wakelin (2001) analyzed relationships between productivity growth and R&D expenditures in 
170 firms quoted on the UK stock market. The research findings showed that a 
has a positive and significant role in influencing its productivity growth. 
 
On the other hand, Samimi and Alerasoul (2009) investigated the impact of R&D on economic growth in 
developing countries. They used a sample of 30 developing countries for which the necessary data is 
available for the period 2000 to 2006.  According to their analyses, the low R&D expenditures of 
developing countries have no significant effect on economic growth. 
 
In this sense, Ulku (2004) investigated innovation effects on per capita outputs of both developed and 
developing countries. She analysed patent and R&D data for 20 OECD and 10 Non-OECD countries for 
period 1981 to 1997. According to the results there is a positive relationship between per capita GDP and 
innovation in both OECD and Non-OECD countries, while the effect of R&D stock on innovation is 
significant only in OECD countries with large markets . 
 
On the other hand Zachariadis (2003) stated that R&D intensity relates to patenting, patenting to 
technological progress, and technological progress to economic growth. He used annual data on patents, 
R&D expenditures, gross output and productivity growth. Following from this, his empirical research 
results showed that there is a positive impact between R&D expenditures, patenting and productivity . 
 
Patent data is another important proxy for innovation. Schmookler (1966) made a detailed examination of 
the usage of patent data and found that patents data are complementary data for important inventions. He 
added 
made for the private economy i . According to his findings 
the number of technology-workers, and expenditures on R&D are also highly correlated with patent 
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statistics which can be a useful measure of innovation. However, Encel and Ingles (1968) examined the 
relationship between GDP and Australian patent data, and they found that there is no significant 
relationship between variables. They emphasized the number of patents granted is affected by wars, 
reflecting staffing levels within the patents office, rather than changes in invention activity (Crosby, 
2000). 
 
From a different point of view, Lerner reviewed significant changes in patent law in more than 70 
countries over 150 years and correlated them with the number of patents granted in these countries. He 
found that strengthening patent rights generated an increase in patent filing and allow patentees longer to 
put patents into effect (Pouris and Pouris, 2011). 
 
Figure 1 shows the distribution of local and foreign patent applications to the Turkish Patent Institute. As 
shown from the figure domestic patent applications in Turkey are increasing every year. Especially in the 
year 2007 there is an increase of 68.6%, and 23.4% in year 2008, 14.1% in year 2009, and 25.58% in 
2010. However in foreign application there is a decrease after 2001 until 2003. When we looked at year 
2009 there was a  4.4 % decrease in foreign applications but  later a 9.46% increase was evident in 2010.  
 
                  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        
Figure 1 Number of Domestic and Foreign Patents 
Source: www.turkpatent.gov.tr 
 
One of the most important indicators of innovation is number of employees in the R&D department. 
Researchers are the central element within research and development systems. They are defined as 
professionals engaged in the conception and creation of new knowledge, products, processes, methods 
and systems as well as those who are directly involved in the management projects (Griffith et. al., 2004). 
 
Romer (1989) finds a positive correlation between the number of scientists in the area of research and 
development and the growth rate of output in a sample of most developed economies (Grossman and 
Helpman, 1991). Also, another study made by Pianta indicated that innovation has a positive impact on 
production and on employment. According to Pianta this positive impact occurs because of the 
potentialities of new machinery, new products, reduced prices, increased profits and investment, higher 
productivity, income effects and overall expansion of demand. And Pianta also emphasizes that, for the 
advanced economies in 1990s, the sectors showing the highest rates of investment and innovation 
experienced greater growth of output and employment (Pianta, 1998).  
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In Turkey, the number of scientists employed in R&D departments between the years 1998 and 2010 is 
shown in Figure 2. As indicated, the number of employees in R&D departments is increasing each year 
gradually. In1998 the number of scientists was 9003, but it was to become 45,922 in 2010.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
           Figure 2: Number of Scientists in R&D Departments with Respect to Years 
           Source: www.tuik.gov.tr 
 
 
In literature, there are many studies done in this area but most empirical studies on the relationship 
between R&D input and economic growth are discussed on the basis of western countries, e.g. the USA, 
Europe or OECD countries (Hu et. al.,2007). 
 
3. Methodology 
3.1. Research Goal 
The research examined 22 manufacturing firms. These firms were quoted on the Stock 
Exchange, and manufactured chemicals, chemical petroleum, rubber and plastic products. The chemical 
industry is one of the largest and highest-tech of the manufacturing industries. According to prior studies, 
research and development (R&D) expenditures, the number of patents, and numbers of employees 
(scientists and engineers) in R&D departments are the measurement instruments for innovation intensity. 
Consequently, these parameters will be used to test the hypothetical model. In this context, these variables 
will be explored using data from the Turkish Patent Institute, Turkish Statistical Institute and Istanbul 
Stock Exchange (ISE). On the other hand Gross domestic product (GDP) is the prime economic indicator 
for countries. GDP data was therefore gathered from the Central Bank of Turkish Republic (TCMB). 
Following this, the paper aims to investigate how changes in the innovation rate influence gross domestic 
product between the years 1998 to 2010 in Turkey.  
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In this study the model is estimated using panel data for 22 firms. Panel data analysis allows the 
implication of data for N cross-sections (e.g. countries, houesholds, firms, individuals, etc.) and T time 
periods. The combined panel data consists of a time series for each cross-sectional member in the data set 
and offers a variety of estimation methods (Asteriou and Hall, 2007). 
 
The Model is then:  
 
logGDPt 1 logEmployee t 2 log Patentt 3 log RDt +  
 
The Variables:  
GDPt: is the gross domestic product (GDP) in Turkey.  
RDt: is the R&D expenditure in Turkey.  
Employeet: is the number of employees in R&D departments in Turkey.  
Patentt: is the number of patents in Turkey 
 
The method used in this paper is a special case of the instrumental variable technique which is named 
Two-Stage Least Squares (2TSLS). -Stage Least Squares (2TSLS) is a method of systematically 
creating instrumental variables to replace the endogenous variables where they appear as explanatory 
variables in simul  (Studenmund, 2006). In 2TSLS, instrumental variables are 
used. And a  good instrumental variable is one that is highly correlated with the regressor and acting as an 
instrument (Kennedy,1998). An instrumental variable replaces an endogenous variable; it is a good 
substitute for the endogenous variable and is independent of the error term. Since there is no joint 
causality between the instrumental variable and any endogenous, the use of instrumental variable avoids 
the violation of the assumption that all explanatory variables are uncorrelated with the error term 
(Studenmund, 2006). 
 
2TSLS consists of two stages : 
Stage 1: Each endogenous variable acts as a regressor in the equation, estimated on all the exogenous 
variables in the system of simultaneous equations, and calculates the estimated values of these 
endogenous variables. 
Stage 2: Using these estimated values as instrumental variables for these endogenous variables or simply 
using these estimated values and the included exogenous variables as regressors in an OLS regression 
(Studenmund, 2006): 
 
Table 1 presents the estimation results for the effects of innovation on economic growth 
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Table 1 Panel Regression Analysis 
Dependent Variable                                                                   Variables 
 
Log(GDP)  log(employee) log(patent) log(RD) 
Coefficients    0.6072* 
 (3.8337) 
 -0.2825** 
(-2.2113) 
0.0148** 
(2.1175) 
R2 
F-Statistic 
0.85 
51.59 
Adjusted R2 0.82  
DW-Stat. 1.77    
* Significance at 1% level ** Significance at 5% level  
 
The estimated model is,  
 
logGDPt = 14.0663+ (0.6072) log employeet +(-0.2825)  log patentt+ (0.0148) log rdt   
 
Table 1 presents the Panel Regression results. Based on regression results the explanatory power of the 
model is highly significant (R2=0.85) and there is no autocorrelation (DW=1.77). According to this model 
the coefficient of employee is positive and significant at the 1% level. On the other hand the coefficient of 
R&D investment is positive and significant at the 5% level.  Moreover, the coefficient of the number of 
patent is negative and significant at the 5% level. The results show that there is a strong correlation 
between the number of R&D employees and GDP. But there is a weak correlation between R&D 
investments and GDP. When we looked at the coefficient of number of patents there is a negative 
correlation between GDP and number of patents.  
 
Conclusion 
 
The goal of the study is to examine the effects of innovation on economic growth as stated by R&D based 
endogenous growth models. Results show that there is a positive and significant relationship between 
R&D investment and number of the employees in the R&D department with GDP, just as in previous 
studies (Crosby, 2000; Sadraoui and Zina, 2009; Ulku, 2004; Zachariadis, 2003) However, there is a 
significant but negative relation between GDP and number of patents. Patenting involves sunk costs in 
terms of various fees including, such as, filing fees, agent fees and translation fees (Takalo and 
Kanniainen, 2000). This makes patenting costly in the short-run. Due to this reason the relationship 
between patenting and economic growth is negative in current year. Unless it is expected to be positive in 
the following years. This result is similar with the Schmookler who argued that the long run relationships 
should be positive, but the short-run relationship may in fact be negative (Crosby, 2000). 
 
In addition, it should be stressed that developing economies such as Turkey, in order to achieve high 
economic growth, should increase their R&D activities. Developed countries  experience has shown that 
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leader countries in innovation and R&D activities have higher economic growth than other national 
economies which are not leaders (Samimi and Alerasoul, 2009). 
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